Introduction
When the distance between a dielectric superlayer and a ground plane is about half of a free space wavelength, leaky waves can propagate between the sandwiched area. So far the main application of these leaky waves has been the enhancement of the broadside directivity of a single antenna. Originally the properties of these reinforcement mechanisms were described in simple terms by G. Trentin [1] . More recent investigations [2] have clarified the basic mechanisms of leaky waves. Their properties are most efficiently described by the poles of the pertinent spectral domain Green's function. Previously the poles had to be derived numerically and the available approximate expressions were valid only for limited ranges of frequencies or for very high values of the dielectric constants (to the limit of being impractical). In [3] a simple procedure to obtain analytical approximations of the leaky wave poles extending the ranges of the approximations was provided. In the present contribution, starting from the analytically derived expressions of the poles and the pertinent residues, all important parameters for a reflector waveguide feed that makes positive use of these leaky waves are studied.
Polar Representation of the Radiated Field
The radiation patterns can be expressed as superposition of a few leaky wave patterns and their shape can be optimized to meet some predefined targets that are suitable for efficiently exciting the reflector. The electric or magnetic fields radiated by an elementary magnetic current in the presence of the multilayered dielectric structure and of the ground plane are most compactly expressed as inverse Fourier transforms of the spectral Green's Functions. It is well known that when the observation point is at large distance from the dielectric stratifications, a simple uniform asymptotic evaluation of the field can be performed. The propagation constant of each leaky wave pole k lw = k 0 (sinθ lw + jδ lw ) is defined by the zeros of the denominators of the potential functions V T E , V T M . Since the voltages can be expressed as
, the residues at the poles locations, Res(V T E/T M )(k lw ) can be calculated as
where the prime denotes derivation with respect to k ρ . The explicit form of this derivative will depend on the specific stratification. However in all cases the denominator D(k ρ ) includes the
Thus the derivatives D (k lw ) are explicitly proportional to k lw = k 0 (sinθ lw + jδ lw ). As a consequence the magnitudes of the residues are higher for smaller pointing angles when δ lw , the at-tenuation constant, is very small. The potentials can be directly approximated in the surrounding of the p − th pole, namely k lwp , using the residue theory as
. This implies that F T E/T M can be well approximated by a power series expansions around (k ρ = 0). Retaining only the first term of such series, F T E/T M (0), a convenient expansion for the original potentials is found to be:
The convenience of this representation, even considering that the starting point were analytically known potentials, is that the contribution of each term to the far field pattern can be isolated as associated to a specific design parameter. In fact a pole is dominant in a certain angular domain of the pattern, around θ lw when it has a small imaginary part. As an example one can try to obtain a pattern shaped as sec 4 (θ/2) that will provide the maximum aperture efficiency from a reflector. The geometry of the structure is described in Fig.1(a) . Both E and H planes patterns of the example are shown in Fig.1 . The graphs compare the results achieved retaining the complete GF asymptotic evaluation and its approximation, eq. (1). 
Bandwidth Limits
In order to quantify the impact of the dielectric super-layers in the input impedance BW Fig. 2(a) presents the admittance of a square waveguide in presence of the stratification Y and in free space Y f s as a function of the frequency. The amplitude of the oscillations is proportional to the amplitude of the intensity of the excitation of the leaky waves. This amplitude is quantified by the value of the pertinent residue at the dominant pole: Res(I T E/T M )(k lwp ) ∝ 1/ sin θ lwp . Correspondingly, the input admittance is varying function of the frequency, with stronger oscillations for broadside pointing configurations. This property is common to all designs that use Fabry Perot like structures. The enhancement of broadside directivity is achieved at the expense of working BW. The BW behavior can be intuitively understood by observing that when the leaky wave radiates toward broadside more reflections from the dielectric slabs will be directly coupled into the wave-guides, than when the leaky wave is pointing toward larger angles, see Fig.2 
(b).

Mutual Coupling Issues
In the case of a focal plane waveguide array, the mutual coupling parameter can also be estimated analytically starting from the knowledge of the leaky wave poles and their residues. In fact, the mutual admittance, and correspondingly the mutual coupling, has two contributions. One associated to the space wave and one associated to the leaky waves propagating in the structure. When the waveguides have widths in the order of a free space wavelength, the space wave launched in directions tangent to the ground plane is very small, thus also the corresponding space wave coupling is very small. In this situation the mutual admittance is dominated by the leaky wave contribution: Y ≈ Y lw . It is apparent that for smaller values of k lw associated to large dielectric constants, the leaky wave contribution to the mutual admittance is larger. This is confirmed by looking to the absolute value of Y H/E lw in Fig. 3(a) and to the S 12 in (b) for the same cases. The power coupled into the neighboring wave-guides has two main implications in a multi beam array scenario depending on the loading of the neighboring waveguides. If all the non active apertures are closed in perfect matched loads and depending on the mutual coupling level, some power is dissipated in the loads (e.g. S ij ≈ -15dB implies -0.91dB of loss in 4 neighboring waveguides). Moreover there will always be a directly scattered contribution to the pattern with the same level of power that will reduce the directivity in the array environments with respect to the isolated waveguide. That is because the distance between the array elements is such that the scattered field from the neighboring waveguides contributes almost out of phase with respect to the central element. This will always be the case when one tries to pack the ele- If the loads are intentionally rendered reactive, no power will be dissipated and a reflected field will contribute to the radiation pattern. The reflected field could be designed to cancel out the scattered field, eventually implementing an equivalent ground plane.
Conclusions
The design strategy that uses dielectric super-layers with neighboring wave-guides closed in matched loads constitutes a worst case scenario as far as the performance enhancement is concerned and finds applicability in radiometric imaging arrays. On the other side the design strategy that uses dielectric super-layers with neighboring wave-guides closed in properly tuned reactive loads can be seen as best case scenario representative of a multi beam system for a telecommunication satellite with independent channels.
